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ABSTRACT 
The effects of thyroidectomy, estradiol treatment, and thyroxine 
treatment on plasma and liver protein concentrations in the water snake, 
Natrix fasciata fasciata (Linnaeus, 1766), were investigated. There was 
a significant lowering of liver protein concentrations following 
thyroidectomy. This deficit could ~ replaced with thyroxine alone , but 
could not be replaced by treatment of thyroidectomized snakes with 
estradiol alone or with a combination of estradiol and thyroxine. 
The plasma resolved into nine plasma proteins when electrophoresed 
in polyacrylamide gels. Although thyroidectomized snakes treated With 
estradiol only or a combination of estradiol and thyroxine showed 
enhancement in two protein fractions, the significance can not be drawn 
cmo to laok ot zero time data, 
1. 
2. 
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INTROilJCTION 
Marked increases in liver weight, plasma protein concentration, and 
ovarian follicle size occur during the estrus cycle in snakes. In the 
ribbon snake, Thamnophis sauritus, liver weight and plasma protein concen-
tration increases can be induced in anestrus (gravid) female snakes and 
male snakes by treatment with estradiol (Dessauer and Fox, 1959). These 
workers suggested that estradiol stimulates the synthesis of vitellin 
protein by the liver and that this protein is transported in the blood 
and taken up by the follicles. Roepke and Bushnell (19)6) showed in hens 
that a plasma phosphoprotein, presumably produced in the liver, and yolk 
vitellin were immunologically similiar. 
Boone (1968) treated the isolated, perfused snake liver (,n. !.• 
fasciata) with estradiol and clearly demonstrated that estradiol acted 
directly on the liver. Jordan (1969) provided evidence for the mechanism 
of estradiol action on the liver. He showed that the initial effect (24 
hours after injection) of estradiol was to increase the liver RNA. This 
was followed by an increase in liver protein 48 hours after injection, 
and then by an increase in the plasma protein concentration 72 hours after 
injection. This evidence suggests a ~ n£!2 synthesis of' protein. 
Other questions concerning vitellinogenesis in snakes arise, such as 
the role other organs play in this process. Der (1970) found no apparent 
direct. role of the pituitary and growth hormone in this process in ,n. !.• 
fasciata. He found that estradiol alone was sufficient to induce increased 
liver and plasma protein concentrations, which represent primarily increased 
4. 
vitellin protein (Turner, 1967). other investigators have suggested that 
the thyroid plays a role in the vitellinogenic response, which includes 
mobilization of calcium. Common ~!!·• (1947) showed that thyroxine 
depressed the estradiol-induced rise in serum calcium in immature pullets 
and tended to lower the liver weights. Snapier and Perek (1970) showed 
that thyroprotein depressed the endogenous estradiol-induced rise in serum 
calcium in laying hens. Thyroxine was found to antagonize the estradiol-
induced increase in liver weights and plasma vitellin in immature pullets 
(Fleischmann and Fried, 1945). Common ~!!·• (1950) showed that thio-
uracil, a thyroid inhibitor, decreased the estradiol-induced rise in serum 
calcium and serum phosphoprotein but increased both liver protein concen-
tration and weight in immature pullets. Both thiouracil and thyroxine 
depressed the estradiol-induced rise in serum phosphoprotein; however, 
only thyroxine antagonized the effect of estradiol pn liver protein con-
centration and weight. It is apparent that two different mechanisms are 
involved in their actions. There also appears to be a certain level of 
thyroxine needed to permit an estradiol-induced rise in serum phospho-
protein. It is obvious from these studies that the thyroid plays an 
important role in the vitellinogenic response of the chicken. However, no 
information is available showing any thyroid effect on Vitellinogenesis 
in reptiles. 
This study will show the effects that thyroidectomy, estradiol treat-
ment, and thyroxine treatment had on the liver protein concentration and 
liver weight. This paper also present an analysis of the individual plasma 
proteins or the water snake, li• !• fasciata. 
s. 
MATERIAlS AND METHOI:S 
A total of 28 snakes used in this experiment were obtained fran the 
Tote-Em-In Zoo, \iilmington, North Carolina. They were received in four 
shipments !ram June to August, 1971. All the snakes were gravid females 
(anestrus). Their mean body weights are shown in Table 1. Upon receipt, 
the snakes were placed in glass cages, three or four animals per cage. 
Since the snakes were used within a three week period, they were not fed, 
although water was placed in each cage. Roam temperature for the snakes 
was kept between 24-28C and the photoperiod was that of the day. 
The snakes were divided into 6 groups: Control (C), Control plus 
Estradiol (C&E), Thyroidectomized (TX), Thyroidectomized plus Thyroxine 
(TX&T4), Thyroidectomized plus Estradiol (TX&E), Thyroidectomized plus 
Thyroxine plus Estradiol (TX&T4&E). 
Thyroidectomies were performed under semi-sterile conditions. The 
snakes were anesthetized using 20mg Nembutal/Kg body weight (&v) (Betz, 
1962). With the ventral side of the snake up, the area 21-24 scutes from 
the head (Bragdon, 1953) was washed with a 70~ ethanol/iodine solution. 
After making the incision, the thyroid was located, tied off, and cut out. 
A running stitch was used to close the incision, which was again washed 
with the 70~ ethanol/iodine solution. Only one snake developed an infection 
and this snake was not used. Verification of the excised thyroid gland 
was provided by histological examination. Ten micron thick sections of 
the thyroid were prepared with a cryostat and were photographed, unstained, 
using a phase contrast microscope (Figure l). A waiting period of 10 
6. 
days ensued before using the snakes to insure a markedly reduced level of 
circulating thyroxine or its analog. Animals received intraperitoneal 
injections of lmg estradiol-17-B/lml sesame oil/100 gm Bi (Boone, 1968) or 
0.8ug L-thyroxine/lml water/lOOgm 'fM (Turner, 1971) or a combination of 
both hormones in the same dosages. Control animals received an equivalent 
amount of sesame oil or water. 
At 24 and 48 hours post injection, blood was collected in heparinized 
tubes by cardiac puncture of anesthetized snakes. The sample was centri-
fuged and the plasma was used the same day it was collected. After the 
last collection, each snake was weighed and the liver was removed and 
weighed. Liver protein concentrations were determined colorimetrically by 
the Lowry Method (Lowry ~ !!!•• 1951). 
Polyacrylamide gel electrophoresis was performed on each of the plasma 
samples (Takayama~ !!!•• 1964), and the same amount of protein was placed 
on each gel. The gels were stained with Amide Black and scanned at 570mu 
using a Gilford Model 2410 Linear Transport with Adaptor Model 2411 mounted 
to a Beckman DU Monochromator. Scan speed was 2cm/min and the chart speed 
was 2.54cm/min. Full scale range was 1 o.D. unit. Various amounts of 
Bovine Serum Albumin was electrphoresed to demonstrate that peak height 
was directly proportional to the amount of protein (Figure 2). Here the 
full scale range was 2 O.D. units. Peak heights were normalized to plasma 
protein fraction V. This was done by dividing all plasma protein fraction 
peak heights by the peak height of plasma protein fraction V. 
Data were analysed by a one-way analysis of variance and by Duncan's 
new multiple range test (Harter, 1960). Significant differences were 
reported at tho 0.01 and 0.05 levels of confidence. 
RESULTS AND DISCUSSION 
Hahn (1967) observed in the lizard, !:!.!:! stansburiana, a liver weight 
increase when estradiol was administered. Dessauer and Fox (1959) noted 
an increase in liver size or estradiol treated ribbon snakes, !· sauritus. 
Canmon !!i !!•• (1950) found in immature pullets, which were given 9.8grn 
or thiouracil and 10.5mg of estradiol benzoate over a period of 14 days, 
that thiouracil enhanced the action of estradiol on increasing liver weight 
and liver protein. Common~ al., (1947) showed that a combined treatment 
of estradiol and thyroxine produced a trend toward lighter liver weights 
in immature pullets. The above cited workers used multiple doses when 
administering their particular hormonal regimen. 
In the present study when actual liver weights were compared (Table 
l), thyroidectomized snakes which received estradiol had significantly 
higher weights (l0.46gm) than thyroidectomized snakes treated with thyroxine 
(3.5lgm) or thyroidectomized snakes treated with both hormones (5.)9gm). 
Howover, erroneous conclusions may arise when actual liver weights are 
compared. These weights show· the same relative differences as the 
various body weights (Table 1) or the snakes. If the liver weights are 
expressed as per cent of body weight, the values of the control and 
experimental animals show no significant differences. Thus, liver 
weights are of little use in the evaluation or the present experiments. 
Therefore, emphasis here has been placed on actual protein concentrations 
rather than liver weights. 
As shown in Table 2, thyroidectomy reduced liver protein concentra-
8. 
tion. Addition of thyroxine to thyroidectomized snakes replaced the 
protein deficit. It can be concluded therefore that the dose of thyroxine 
used was physiological and anabolic. When estradiol was administered to 
thyroidectomized snakes the protein level did not increase. Estradiol did 
not have an anabolic action. The present study thus confirmed the work of 
Der (1970) who observed no increase in liver protein concentration 72 hours 
after injection of !• !• fasciata with estradiol. However, Jordan (1969) 
found a significant increase in the liver protein concentration 48 hours 
after injection of estradiol in!·!· fasciata. Common 21!1·• (1950) 
showed in immature pullets, which were given thiouracil and estradiol, that 
while the serum phosphoprotein response to estradiol was depressed, the 
liver protein concentration increased. With the addition of both thyroxine 
and estradiol to thyroidectomized snakes, there was no rise in liver 
protein concentration. While the amount of thyroxine available from injec-
tion is sufficient to replace the proteins lost by thyroidectomized snakes, 
it appears insufficient to permit the estradiol-induced rise in liver 
protein concentration. 
The plasma resolved into nine protein fractions (Figure J). Significant 
differences among individual plasma proteins were present only in plasma 
proteins I and IV. Estradiol treated snakes showed no differences in 
peak heights of plasma protein I when compared to controls either at 24 
or 48 hours (Tables ;, 4, 5). Thyroidectomized snakes also showed no 
significant differences in peak heights when compared to controls at either 
24 or 48 hours {Tables ;, 4, 5). When thyroidectomized snakes treated 
with thyroxine were compared to either controls or controls treated with 
estradiol, no differences occurred either at 24 or 48 hours (Tables J, 4, 5). 
9-
When thyroidectomized snakes treated with estradiol were compared to either 
thyroidectomized or control snakes, they had peak heights significantly 
higher than both groups, but on~ at 24 hours (Table 3). Thyroidectomized 
snakes treated with a combination of estradiol and thyroxine had higher 
peak heights than either controls or thyroidectomized snakes at 24 or 48 
hours after injection (Table 5). Apparently, the thyroidectomized snake 
has a greater sensitivity to estradiol than intact snakes in plasma protein 
I. \ihen only estradiol was given to thyroidectomized snakes, the stimula-
tion of plasma protein I occurred by 24 hours. \ihen thyroidectomized 
snakes were given a combination of estradiol and thyroxine, the stimula-
tion of plasma protein I appeared to persist to 48 hours. 
Plasma protein IV in estradiol-treated intact snakes, or thyroidectomized 
snakes, or thyroidectomized snakes treated with thyroxine showed no 
differences when compared to controls either at 24 or 48 hours (Tables 6, 7. 
8). Thyroidectomized snakes treated with estradiol exhibited a significant 
rise in peak height in plasma protein IV when compared to controls or 
thyroidectomized treated With thyroxine at 24 hours (Table 6). Thyroidec-
tomized snakes treated with estradiol showed a peak height even at 48 hours 
that was significantly higher than both controls or thyroidectomized treated 
with thyroxine at 24 hours (Table 8). This shows that the thyroidectomized 
snake has a greater sensitivity to estradiol than the intact snake in plasma 
protein IV. However, the significance can not be determined because zero 
time data were inadvertantly ommitted. 
Boone (1968) using cellulose acetate electrophoresis found that the 
plasma of !• !· fasciata banded into five fractions. The plasma of estradiol 
treated animals showed increases in two fractions. Turner (1967) 
10. 
previously determined that one of these two fractions in li• f. fasciata 
was a lipoprotein. This fraction closely approximated the migratory 
position of the phosphoprotein concerned with vitellinogenesis that 
Dessauer and Fox (1958) described for female !• sauritus in estrus. The 
present research is the first report of polyacrylamide gel electrophoresis 
of the plasma of li• f. fasciata. The banding patterns for cellulose 
acetate electrophoresis and polyacrylamide gel electrophoresis are quite 
different. Increased plasma protein separation is a feature of polyacrylamide 
gel electrophoresis. This study revealed 9 bands as compared to the 5 bands 
Turner (1968) found. Since more bands were found, only future research will 
determine if the bands that increased in this stuqy are concerned with 
vitellinogenesis. 
11. 
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Table 1 
The Effects of Thyroidecto~, Estradiol Treatment, and Thyroxine Treatment on Liver Weight 
in N. fasciata 
Liver weightsa Body weightsa Liver weights expressed as % body weight 
x x -Comparison N S.D. X S.D. 
c to 6 7.35 3.424 395.6 1.85 0.544 
C+E 5 6.89 1.436 324.5 2.06 0.409 
c to 6 7.35 3.424 395.6 1.85 0.544 
TX 6 7.09 1.846 351.1 2.05 0.352 
c to 6 7.35 3.424 395.6 1.85 0.544 
TX+E 5 10.46 3.914 440.8 2.32 0.619 
c to 6 7.35 3.424 395.6 1.85 0.544 
TX+T4 3 3.51 1.330 162.5 2.15 0.511 
c to 6 7.35 3.424 395.6 1.85 0.544 
TX+T4+E 3 5.39 2.526 271.2 1.93 0.536 
C+E to 5 6.89 1.436 324.5 2,06 0.409 
TX 6 7.09 1.846 351.1 2.05 0.352 
C+E to 5 6.89 1.436 324.5 2.06 0,409 
TX+E 5 10.46 3.914 440.8 2.32 0.619 
C+E to 5 6.89 1.436 324.5 2.06 0.409 
TX+T4 3 3~51 1.330 162.5 2.15 0.511 
C+E to 5 6 .• 89 1.436 324.5 2.o6 0,409 
TX+T4+E 3 5.39 2.526 271.2 1.93 0.536 
t; 
continued next page • 
Table 1 Continued 
Liver weightsa Body weightsa 
Comparison N I S.D x 
TX to 6 7.09 1.846 351.1 
TX+E 5 10.46 3.914 440.8 
TX to 6 7.09 1.846 351.1 
TX+T4 3 ).51 1.330 162.5 
TX to 6 7.09 1.846 351.1 
TX+T4+E 3 5-39 2.526 271.2 
TX+E to 5 10.46 ).914** 440.8 
TX+T4 3 ).51 1.)30 162.5 
TX+E to 5 10.46 ).914* 440.8 
TX+T4+E 3 5-39 2.526 271.2 
TX+T4 to 3 ).51 1.330 162.5 
TX+T4+E 3 5.39 2.526 271.2 
a- weight in grn 
TX- thyroidectomized 
E- estradiol 
T4- thyroxine 
~- significant at the 0.05 level of confidence 
~~~ significant at the 0.01 level of confidence 
Liver weights expressed as % body weight 
x S.D. 
2.05 0.352 
2.32 0.619 
2.05 0.352 
2.15 0.511 
2.05 0.352 
1.93 0.536 
2.32 0.619 
2.15 0.5ll 
2.)2 0.619 
1.93 0.536 
2.15 o.5n 
1.93 0.536 
~ 
• 
Table 2 
The Effects of Thyroidectomy, Estradiol Treatment, and Thyroxine Treatment on 
Liver Protein Concentrationa in N. fasciata 
. -
Comparison N I S.D. Comparison -N X S.D. 
c to 6 7.32 0.66.5 C+E to .5 7.26 1.144* 
C+E 
.5 7.26 1.144 TX+T4+E 2 4.83 0.177 
I 
c to 6 7.32 0.66.5* TX to 6 .5.55 0.783 
TX 6 5-.5.5 0.783 TX+E 5 5.68 1.286 
c to 6 7.32 0.665 TX to 6 .5.5.5 0.783., 
TX+E 
.5 5.68 1.286* TX+T4 3 7.35 
1.336·,.· 
c to 6 7.32 0.665 TX to 6 5 • .55 0.783 
TX+T4 3 7.3.5 1.336 TX+T4+E 2 4.83 0.177 
c to 6 7.32 0.665 TX+E to .5 5.68 1.286 
TX+T4+E 2 4.83 0.177 TX+T4 3 7.35 
1.3)6~-
C+E to 5 7.26 1.144 TX+E to 5 5.68 1.286 
TX 6 5.55 0.783* TX+T4+E 2 4.8) 0.177 
C+E to .5 7.26 1.144* TX+T4 to 3 7.3.5 1.336* TX+E 5 5.68 1.286 TX+T4+E 2 4.83 0.177 
C+E to 5 7.26 1.144 
TX+T4 3 7-35 1.336 
a- concentration expressed as gm per cent 
TX- thyroidectomized 
E- estradiol 
T4- thyroxine 
*- significant at the 0.0.5 level of confidence ~ 
• 
Table 3 
The Effects of Thyroidectomy, Estradiol. Treatment, and Thyroxine Treatment on Plasma 
Protein Ia in !• fasciata. A Comparison of 24 hour Samples. 
Comparison N X S.D. Comparison N X S,D. 
c to 7 0,022 0.015 C+E to 4 0.035 0,018 
C+E 4 0.035 0.018 TX+T4+E 3 0.057 0.007 
c to 7 0.022 0.015 TX to ·5 0.028 0,009* 
TX 5 0.028 0,009 TX+E 5 0!'053 0,014 
c to 7 0.022 0,015., TX ·to 5 0.028 0.009 
TX+E 5 0.053 0,014.,.. TX+T4 6 o.o41 0,028 
c to 7 0,022 0.015 TX to 5 0.028 0.009* 
TX+T4 6 o.o41 0.028 TX+T4+E 3 0.057 0.007 
c to 7 0.022 0,015* TX+E to 5 0.053 0.014 
TX+T4+E 3 0.057 0,007 TX+T4 6 0.041 0.028 
C+E to 4 o.o35 0.018 TX+E to 5 0.053 0.01h 
TX 5 0.028 0,009 TX+T4+E 3 0,057 0.007 
C+E to 4 0,035 0.018 TX+T4 to 6 0,041 0.028 
TX+E 5 0.053 0,014 TX+T4+E 3 0.051 0.007 
C+E to 4 0.035 0.018 
TX+T4 6 0.041 0,028 
a- normalized to peak V 
TX- thyroidectomized 
E- estradiol 
T!.r thyroxine 
*- significant at the 0.05 level of confidence ~ 
• 
Table 4 
The Effects of Thyroidectomy, Estradiol Treatment, and Thyroxine Treatment on Plasma 
Protein ra in !• fasciata. A Comparison of 48 hour Samples. 
Comparison N x S.D. Comparison N X S.D. 
c to 6 0.047 0.044 TX to 5 0.047 0.016 C+E 5 o.o55 0.061 TX+E 4 0.050 0.013 
c to 6 0.047 o.o44 TX to 5 0.047 0.016 
TX 5 0.047 o:o16 TX+T4 3 0.033 0.015 
c to 6 0.047 0.044 TX to 5 0.047 0.016 
TX+E 4 0.050 0.013 TX+T4+E 3 0.077 0.020 
c to 6 0.047 0.044 TX+E to 4 o.o5o 0.013 
TX+T4 3 0.033 0.015 TX+T4 3 0.033 0.015 
c to 6 0.047 0.044 TX+E to 4 o.-o5o 0.013 
TX+T4+E 3 0.077 0.020 TX+T4+E 3 o.on 0.020 
C+E to 5 o.o55 0.061 TX+T4 to 3 0.033 0.015 
TX 5 0.047 0.016 TX+T4+E 3 0.077 0.020 
C+E to 5 o.o55 0.061 
TX+E 4 o.o5o 0.013 a- normalized to peak V 
TX- thyroidectomized 
C+E to 5 o.o55 0.061 E- estradiol 
TX+T4 3 0.033 0.015 T4- thyroxine 
C+E to 5 o.oss 0.061 
TX+T4+E 3 o.on 0.020 
~ 
• 
Table 5 
The Effects of Thyroidecto~, Estradiol Treatment, and Thyroxine Treatment on Plasma 
Protein Ia in N. fasciata. A comparison of 24 to 48 hour Samples. 
Comparison N x S.D. Comparison N x S.D. 
c 24 to 7 0.022 0.015 C+E 24 to 4 0.035 0.018 
c 48 6 0.047 0.044 TX+E 48 4 o.o5o 0.013 
c 24 to 7 0.022 0.915 C+E 24 to 4 0.035 0.018 
C+E 48 5 o.o55 o.o61 TX+T4+E 48 3 0.077 0.020 
c 24 to 7 0.022 0.015 C+E 24 to 4 0.035 0.018 
TX 48 5 0.047 0.016 TX+T4 48 3 0.033 0.015 
c 24 to 7 0.022 0.015 TX 24 to 5 0.028 0.009 
TX+E 48 4 o.o5o 0.013 c 48 6 0.047 o.o44 
c 24 to 7 0.022 0.015* TX 24 to 5 0.028 0.009 
TX+T4+E 48 3 0.077 0.020 C+E 48 5 o.o55 o.o61 
c 24 to 7 0.022 0.015 TX 24 to 5 0.028 0.009 
TX+T4 48 3 0.033 0.015 TX 48 5 0.047 o.o16 
C+E 24 to 4 0.035 0.018 TX 24 to 5 0.028 0.009 
c 48 6 0.047 0.044 TX+E 48 4 o.o5o 0.013 
C+E 24 to 4 0.035 0.018 TX 24 to 5 0.028 0.009 
C+E 48 5 o.o55 o.o61 TX+T4+E 48 3 0.077 0.020* 
C+E 24 to 4 0.035 0.018 TX 24 to 5 0.028 0.009 
TX 48 5 0.047 0.016 TX+T4 3 0.033 0.015 
continued next page 
~ 
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Table 5 Continued 
Comparison N x S.D. Comparison N x S.D. 
TX+E 24 to 5 0.053 0.014 TX+T4+E 24 to 3 0.057 0.007 
c 48 6 0.047 o.o44 TX+E 48 4 o.o55 o.013 
TX+E 24 to 5 0.053 0.014 TX+T4+E 24 to 3 0.057 0.007 
C+E 48 5 o.o55 0.061 TX+T4+E 48 3 0.077 0.020 
TX+E 24 to 5 0.053 0.014 TX+T4+E 24 to 3 0.057 0.007 
TX 48 5 0.047 0.016 TX+T4 48 3 0.033 o.o15 
I 
TX+E 24 to 5 0.053 0.014 TX+T4 24 to 6 0.041 0.028 
TX+E 48 4 0.050 0.013 c 48 6 0.047 0.044 
TX+E 24 to 5 0.053 0.014 TX+T~ 24 to 6 o.o41 0.028 
TX+T4+E 48 3 0.077 0.020 C+E 8 5 0.055 0.061 
TX+E 24 to 5 0.053 0.014 TX+Tg 24 to 6 o.o41 0.028 
TX+T4 3 0.033 0.015 TX4 5 0.047 0.016 
TX+T4+E 24 to 3 0.057 0.007 TX+T~24 to 6 0.041 0.028 
c 48 6 0.047 0.044 TX+E 8 4 o.o5o 0.013 
TX+Ttt+E 24 to 3 0.057 0.007 TX+~ 24 to 6 0.041 0.028 C+E 8 5 0.055 0.061 TX+ 4 48 3 0.077 0.020 
TX+T~+E 24 to 3 0.057 0.007 TX+T4 24 to 6 0.041 0.028 
TX 4 5 0.047 o.o16 TX+T4 48 3 0.033 o.o15 
a- normalized to peak V 
~- significant at .the 0.05 level of confidence 
TX- thyroidectomized 
E- estradiol 
T4- thyroxine 
~ 
• 
Table 6 
The Effects of Thyroidectomy, Estradiol Treatment, and Thyroxine Treatment on Plasma 
Protein IVa in ~· fasciata. A Comparison of 24 hour Samples. 
Comparison N x S.D. Comparison N x S.D. 
c to 7 0.095 0.045 C+E to 4 0.108 0.018 
C+E 4 0.108 0.018 TX+T4+E 3 0.118 0.056 
c to 7 0.09.5 o.o4.5 TX to 5 0.151 0.063 
TX 5 0.1.51 o.n63 TX+E .5 0.189 0.074 
c to 7 0.095 0.045 TX to 5 0.1.51 0.063 
TX+E 5 0.189 0.074* TX+T4 6 0.064 o.oss* 
c to 7 0.095 0.045 TX to 5 0.1.51 o.os3 
TX+T4 6 0.064 0.055 TX+T4+E 3 0.118 0.056 
c to 7 0.095 0.045 TX+E to .5 0.189 o.o74~Ht-
TX+T4+E 3 0.118 o.o56 TX+T4 6 0.064 o.o55 
C+E to 4 0.108 0.018 TX+E to 5 0.189 0.074 
TX 5 0.151 0.063 TX+T4+E 3 0.118 0.056 
C+E to 4 0.108 0.018 TX+T4 to 6 0.064 0.0.55 TX+E 5 0.189 0.074 TX+T4+E 3 0.118 o.o56 
C+E to 4 0.108 0.018 
TX+T4 6 0.064 o.o55 
a- normalized to peak V 
TX- thyroidectomized 
E- estradiol *-significant at the 0.0.5 level of confidence 
T4- thyroxine **-significant at the 0.01 level of confidence 
1\) 
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Table 7 
The Effects of Thyroidecto~, Estradiol Treatment, and Thyroxine Treatment on Plasma 
Protein IVa in ~· fasciata. A Comparison of 48 hour Samples. 
Comparison N x S.D. Comparison N x S.D. 
c to 6 0.126 0.083 C+E to 5 0.127 0.065 
C+E 5 0.127 o.o65 TX+T4+E 3 0.148 0.042 
c to 6 0.126 0.083 TX to 5 0.158 o.o69 
TX 5 0.158 o.o69 TX+E 4 0.189 0.043 
c to 6 0.126 0.083 TX to 5 0.158 o.o69 
TX+E 4 0.189 0.043 TX+T4 3 0.110 0.030 
c to 6 0.126 0.083 TX to 5 0.158 o.o69 
TX+Th 3 0.110 0.030 TX+T4+E 3 0.148 0.042 
c to 6 0.126 0~083 TX+E to 4 0.189 0.043 
TX+T4+E 3 0.148 o.o42 TX+T4 3 0.110 0.030 
C+E to 5 0.127 0.065 TX+T4 to 3 0.110 0.030 
TX 5 0.158 0.069 TX+T4+E 3 0.148 0.042 
C+E to 5 0.127 o.o65 TX+E to 4 0.189 0.043 
TX+E 4 0.189 0.043 TX+T4+E 3 0.148 0.042 
C+E to 5 0.127 0.065 
TX+T4 3 0.110 0.030 
a- normalized to peak V 
TX- thyroidectomized 
E- estradiol 
T4- thyroxine 
N 
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Table 8 
The Effects of Thyroidectomy, Estradiol Treatment, and Thyroxine Treatment on Plasma 
Protein rva in N. fasciata. A Comparison of 24 to 48 hour Samples. 
Comparison N x S.D. Comparison N x S.D. 
c 24 to 7 0.095 0.045 C+E 24 to 4 0.108 0.018 
c 48 6 0.126 0.083: TX+E 48 4 0.189 0.043 
c 24 to 7 o.o95 o.o45 C+E 24 to 4 0.108 0.018 
C+E 48 5 0.127 o~b65 TX+T4+E 48 3 0.148 0.042 
c 24 to 7 0.095 0.045 C+E 24 to 4 0.108 0.018 
TX 48 5 0.158 0.069 TX+T4 48 3 0.110 0.030 
c 24 to 7 0.095 0.045* TX 24 to 5 0.151 o.OS3 
TX+E 48 4 0.189 0.043 c 48 6 0.126 0.083 
c 24 to 7 0.095 o.o45 TX 24 to 5 0.151 0.063 
TX+T4+E 48 3 0.148 0.042 C+E 48 5 0.127 0.065 
c 24 to 7 0.095 0.045 TX 24 to 5 0.151 o.os3 
TX+T4 48 3 0.110 0.030 TX 48 5 0.158 0.069 
C+E 24 to 4 0.108 0.018 TX 24 to 5 0.151 o.o63 
c 48 6 0.126 0.083 TX+E 48 4 0.189 0.043 
C+E 24 to 4 0.108 0.018 TX 24 to 5 0.151 o.o63 
C+E 48 5 0.127 O.o065 TX+T4+E 48 3 0.148 0.042 
C+E 24 to 4 0.108 0.018 TX 24 to 5 0.151 o.o63 
TX 48 5 0.158 0.069 TX+T4 48 3 0.110 0.030 
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Table 8 Continued 
Comparison N x S.D. Comparison N x S.D. 
TX+E 24 to 5 0.189 0.074 TX+T4+E 24 to 3 0.118 o.o56 c 48 6 0.126 0.083 TX+E 48 4 0.189 0.043 
TX+E 24 to 5 0.189 0.074 TX+T4+E 24 to 3 0.118 0.056 C+E 48 5 0.127 0.065 TX+T4+E 48 3 0.148 0.042 
TX+E 24 to 5 0.189 0.074 TX+T4+E 24 to 3 o.n8 o.o56 
TX 48 5 0.158 o.o69 TX+T4 48 3 0.110 0.030 
TX+E 24 to 5 0.189 0.074 TX+T4 24 to 6 0.064 0.055 
TX+E 48 4 0.189 0.043 c 48 6 0.126 0.083 
TX+E 24 to 5 0.189 0.074 TX+Tfr 24 to 6 o.o64 o.o55 
TX+T4+E 48 3 0.148 0.042 C+E 8 5 0.127 o.o55 
TX+E 24 to 5 0.189 0.074 TX+T~ 24 to 6 o.o64 0.055~ 
TX+T4 48 3 0.110 0.030 TX 4 5 0.158 o.o59 
TX+T4+E 24 to 3 o.n8 o.o56 TX+T4 24 to 6 0.064 o.o55~* c 48 6 0.126 0.083 TX+E 48 4 0.189 o.043 
TX+Tll+E 24 to 3 0.118 0.056 TX+T4 2t~ to 6 o.o64 o.o55 C+E 8 5 0.127 o.065 TX+T4+E 48 3 0.148 0.042 
TX+T~+E 24 to 3 0.118 o.o56 TX+T4 24 to 6 0.064 o.o55 
TX 4 5 0.158 0.069 TX+T4 48 3 0.110 0.330 
a- normalized to peak V TX- thyroidectomized 
*- significant at the 0.05 level of confidence E- estradiol 
~*- significant at the 0.01 level of confidence T4- thyroxine 
N 
\...) 
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2.4. 
Figure 1 
A. Four thyroid follicles 
B. One thyroid follicle 
a. colloid 
b. secretory epith~lium 
A 
8 
Figure 2 
A graph showing linearity between peak height and protein concentration 
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Figure 3 
Stylized electrophograph or plasma proteins or li· £. rasciata 
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